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ABSTRACT

Context. The mechanism of decision-making during limited number of experiments with multiple criteria are considered. The
investigation object is process decision-making for project or control in complex systems with multiple criteria.

Objective. It is necessary to determine optimal (most preferred) parameters of the systems with multiple criteria. It is no the
mathematical model of the system, there is limited number of experiments only.

Method. A scheme is proposed for constructing a selection mechanism for decision-making in systems with several criteria for
which there is a sample of experimental results. The scheme includes the following procedures: an experimental study of a process
with several criteria (functions) depending on its parameters; the use of expert evaluation to build a matrix of preferences for individ-
ual implementations; building a function of choosing preferred solutions based on a preference matrix by constructing a mathemati-
cal model of preference recognition, formulation and solving the problem of generalized mathematical programming as the final step
in building the selection mechanism. The decision-making mechanism depends on the expert assessment procedure when comparing
a limited set of results with each other, as well as on the statement of conditions when solving the problem of generalized
mathematical programming. Comparison of a finite number of experiments is convenient for expert evaluation. Presentation of the
final choice as a result of solving the problem of generalized mathematical programming is convenient for using such a mechanism in

automatic control systems already without human intervention.

Results. The proposed scheme of decision-making during limited number of experiments has been applied to decision-making of
project management for pellet burner. Experimental decision-making results are presented in the presence of several criteria for a
pellet burner of a tubular heater, which confirm the acceptability of the developed decision-making mechanism.

Conclusions. It was proposed the new scheme for constructing a selection mechanism for decision-making in systems with sev-
eral criteria where there is a sample of experimental results only. The scheme of decision-making is includes the solving the problem
of generalized mathematical programming as the final step in building the selection mechanism. For the solving the problem of gen-
eralized mathematical programming may be applied the evolution search algorithm.
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NOMENCLATURE
A is an ash transfer in time;
ay, ay,..., ajg are choice function parameters;

x is a set of inlet system parameters;

x' is a scalar parameters (continuous or discrete);
Q is the set of admissible parameters;

Xo is Rg — optimal solution at the set €);

Xy 1s a new solution;

z is a set of outlet system functions (parameters);
7 is a one from output parameters

Ry is a binary choice relation;

R is a fuzzy generation relation;

S(X) is a selection function;

G(X) is a generation function;

Gy(X) is a set of new solutions;

B, is the table of experimental results;

B is a matching matrix of experimental results;
C is an incomplete choice function;

I(x) is the choice function;

7 is the choice rule;

RS (x) is the upper section to the binary choice rela-
tion Rg;
N,y is a number of experiments;

N, is a number of branches for evolutionary search;
Ngis a number of new solutions (hevristics);
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N,, is a number of preferred solutions;

Sj is a burner area;

Sj» is a useful area for primary air;

L, is a primary air flow;

L, is a total air flow;

X is a subset of parameters;

X, is a set of preferred solutions according to the bi-
nary choice relation Ry at the iterate step £;

k is an iterate step;

X1 1s a set of preferred solutions according to the bi-
nary choice relation Ry at the iterate step k—1;

Xy 1is a set of preferred solutions according to the bi-
nary choice relation Ry at the iterate step k& for the branch j
of evolutionary search;

W is a power of burner.

INTRODUCTION

The basis of the research is an experiment in which
the permissible range of parameters determining the state
of the system is comprehensively investigated. In each
experiment, in addition to the input parameters of the sys-
tem, the output functions (criteria) of the system under
study are measured or calculated. If we confine ourselves
only to the experimental sampling of parameters, then it
will not be possible to make decisions about the prefer-
ence of the system parameters over the entire allowable
area. It is advisable to build a mathematical model of the
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function of choice, which will allow to extend the rule of
preferences of parameters to the entire admissible region.
Having an expression for the function of choice, we can
formulate and solve the problem of finding the most pref-
erable solutions. The search of the most preferable solu-
tions can be implemented as a result of solving a general-
ized mathematical programming problem

The object of study is the process of decision-making
while developing or managing systems with some pa-
rameters. The mathematical model of such a system is
used to make decisions for the development or manage-
ment of systems. The mathematical model of the system
can be built on the basis of deductive laws of functioning
or on the basis of an experimental study of the system.

The subject of study is the process of decision-
making for project or control in complex systems with
multiple criteria when information about the system is
presented in the form of a limited set of experiment re-
sults.

The purpose of the work is to increase the speed the
decision-making process for a system with several criteria
when setting information about the properties of the sys-
tem is a set of experimental results.

1 PROBLEM STATEMENT

A system is characterized by a set of parameters x=
{xl, xz,..., x"}, xeQ and a set of output parameters
(functions, criteria) z = {z', 2%, ..., Z}. There are training
set of experimental results: B,, = <x, y,>, ¢ = 1,2, ..., Ny
and the result of the expert evaluation in the form of the
matching matrix B = {b;}, 1= 1,2, ..., Nop, j = 1,2, ..., Nop,
which is obtained using expert choice relation R.
It is required to find the choice function C for all set
with binary relation Rg such that binary relation Rg corre-
sponds with expert choice relation R.

2 REVIEW OF THE LITERATURE

In the study of certain processes and systems, the goal
is often set — to find the “best” values of the parameters of
the system under study. Here we will consider such prop-
erties of the system that are not formulated using the de-
ductive approach. Then the basis for the study can only be
an experiment. As a result of the experiment, an experi-
mental sample of the values of the system parameters and
the corresponding values of the functions (criteria) char-
acterizing these states will be obtained.

The traditional approach is to build mathematical
models for each function (criterion) separately based on a
sample of experimental data. The search for the “best”
parameters of the system can be carried out using a set of
mathematical models for the criteria. But how to compare
several criteria with each other with the traditional ap-
proach remains open.

An alternative approach, which is described here, is as
follows. The basis of the research is an experiment in
which the permissible range of parameters determining
the state of the system is comprehensively investigated. In
each experiment, in addition to the input parameters of the
system, the output functions (criteria) of the system under
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study are measured or calculated. If we confine ourselves
only to the experimental sampling of parameters, then it
will not be possible to make decisions about the prefer-
ence of the system parameters over the entire allowable
area.

It is advisable to build a mathematical model of the
function of choice, which will allow “to extend” the rule
of preferences of parameters to the entire admissible re-
gion. Having an expression for the function of choice, we
can formulate and solve the problem of finding the most
preferable solutions.

To date, there is sufficient experience in using binary
relations of choice in constructing a mechanism for
choosing decisions, in particular, scientific results [1-4]
and other.

If there is a system that does not have a reliable
mathematical model based on deductive laws of function-
ing, then the inductive principles of mathematical model-
ling of such systems are known [5, 6] that have received
significant development. In inductive modelling, various
mathematical models were constructed from experimental
data. In this case, it is possible to build functional depend-
encies for each of several output functions of the system.
Having mathematical dependencies for several output
functions, you can solve the decision problem as a multi-
objective optimization problem. There is a fairly large
number of scientific results in the field of multi-optimized
optimization [7-10].

Most of these results relate to the situation where there
are mathematical models for each of the output functions
— Pareto optimization. In this case, the adoption of the
final decision from the set of Pareto-optimal is an addi-
tional procedure.

An alternative approach is the formulation of an opti-
mization problem as an optimization task with respect to
choice relation. Previously, generalized mathematical
programming problems were formulated for which solu-
tion methods were proposed [11, 12] and other. Later
works are also devoted to solving the problem of general-
ized mathematical programming, for example [13].

Effective methods for solving optimization problems
are developed on the basis of evolutionary search algo-
rithms, for example, [14-16]. Including evolutionary al-
gorithms useful for solving problems of generalized
mathematical programming [16, 17] without the convex-
ity condition of choice relation.

Previously, it was not offered a general scheme for
constructing a selection mechanism for decision-making
in systems with several criteria where there is a sample of
experimental results only. The scheme of decision-
making is includes the solving the problem of generalized
mathematical programming as the final step in building
the selection mechanism. For the solving the problem of
generalized mathematical programming may be applied
the evolution search algorithm.

MATERIALS AND METHODS

Let a system be considered whose state is character-
ized by a set of parameters x= {x', x%,..., x"}. Each system
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state is characterized by a set of output parameters (func-
tions, criteria) z = {z', 2%, ..., Z/}.

We assume that as a result of the experiments, a train-
ing set of experimental results was obtained:
Boy = <x, v, 9 = 1,2, ..., Ny In terminology of the the-
ory of decision making [2—4], a separate result of the
sample will be called presentation. We assume that the set
of presentations of the training sample B,, by expert
evaluation taking into account the values of output func-
tions for any pair of presentations, a binary relation Rg: x;
Rgx;for ij = 1,2, ..., Ny is established. The result of the
expert evaluation for the comparison of the presentations
with each other will be represented in the form of the
matching matrix B = {b;}, 1= 1,2, ..., Nop, j = 1,2, ..., Nop,
where

bij: 1, if xiR)cj»,
bij = 0, if ij)C,
We will search for the selection rule m with the selec-
tion function
S(X)={re X|vy e [X \S(X)} xRsy}
and the binary relation R, which is determined by the
function 7(x) = I'(x', x%,..., x"), such that
Iy )= I )=x) Ry x,.
where x; €Q), x, €Q .

The function 7(x) is defined on the whole set of ad-
missible parameters QO and the binary relation Rs is de-
fined for all pairs of elements from Q, and not just for
pairs of elements from the set of experimental results.

In this sense, we can talk about the problem of ap-
proximation [4]. The function /(x) and the binary relation
Rs should be determined from the condition of the best fit
to the matrix B = {b;}, i = 1,2, ..., N,, j = 1,2, ..., N, for
comparison of objects according to the results of experi-
ments.

The binary relation Ry with the choice function ob-
tained in this way can be used to search for the most pref-
erable solutions on the entire Q set, taking into account
possible limitations as well.

Following the terminology of [2], the choice rule is a
rule, according to which there can be an by element or
integral definition of the choice function:

myeX]|...
mYcX]|...

In these formulas, instead of the ellipsis, one or an-
other record of the corresponding conditions, which char-
acterize the choice rule, is meant.

The task of the synthesis [2] is to construct a mecha-
nism of choice that implements this function based on the
function of the (incomplete) choice C, or to establish that
it cannot be done. The function C, for which the synthesis
problem is solved, can describe the experimentally ob-
served choice.

The article aims to offer a rational scheme for making
the most preferable solutions for researching a system
with several criteria, ranging from experimental research
of the system and obtaining a sample of experimental
data, ending with the formulation and solution of the
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problem of finding the most preferred parameters as a
generalized mathematical programming problem.

To achieve this goal, it was necessary to develop a
method for constructing a function of choice, based on a
sample of experiments, and then to extend the function of
choice to the whole admissible region. In addition, it was
necessary to develop or choose from previously devel-
oped such a method for solving the problem of general-
ized mathematical programming, which will allow to pro-
vide a final search for the most preferable solution on the
permissible parameter area in the presence of constraints.

The methods for solving the problems are based on
the approach to the evolutionary search for Rg — optimal
solutions. For subset X, X < Q we denote the function of
choice in the form

S(x)={x e x|vy e [X \S(X)} xRg ). (1)

We shall assume that set S(X) contains the concrete
number of elements — N,,.
We shall that for the set Q it was determined relation

Rg with attachment function pp (x,y): QxQ— [0,1].

Relation R will be termed generation relation.
For subset X, X < Q we denote the function of gen-
eration in the form

G(x)=XxUGy(x),
GH(X):{yeQ‘EIxeX,yRGx,uRG (x,y)> O}. 2)

We shall assume that set G(X) contains the concrete
number of elements — Ng.

The algorithm to search Ry —optimal solution can be
represented as

X, =8(G(Xi)), k=12,... 3)

The iterate algorithm (3) — is the general form of evo-
lutionary search.

According to [15-17] we will consider the decomposi-
tion

N
Xk:UXjk>XikﬂXjk:®7i¢j' (4)
j=1
The algorithm (3) takes the form
X =S6x 5 )), j=LNy, k=12... (5)

These iterate algorithms (3), (5) — are the general form
of evolutionary search.

We denote by R; (x) the upper section to the binary
choice relation Ry at the set
R§ (x)={y e QlyRgx} (6)

We will assume that upper sections have such proper-
ties:

Vx # X, mesR§ (x) > 0. @)
Relatively of generation function we will consider fol-
lowing. If xz is a new solution xz € Gy (X ), then

Vx # X, P{xH eRg(x)}26>o. ®)
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Convergence of the sequence X to Rg—optimal solu-
tion we understand the following. For every xeQ,
X # Xy there is a number K that for each k> K with
probability 1 that will be satisfied:

X < RE(x).
The following theorem [13] holds:
If upper sections (6) have the property (7), generation

function (2) has the property (8), and choice relation Ryis
a no strictly order relation, then algorithm (3) ensures

convergence of the sequence X; to Rg — optimal solution
with probability 1.

Analogically [16] this theorem can be extended for all
branches of evolutionary search (5).

4 EXPERIMENTS

There are considered tubular gas heater [18]. Tubular
heaters design parameters (inlet system parameters) are
below:

— Burner area, Sj;

— Useful area for primary air passage, Sz

— Primary air flow, L;;

— Total air flow, L,,;

— Burner power, W.

There are criteria (outlet system functions) of the
heater:

— Ash transfer by the time, 4;

— Concentration CO at exhaust gases, Cco;

— Concentration NO, at exhaust gases, Cyo,-

There are following requirements for parameters that
characterize tubular heaters work: for CO it is less than
130 mg/m’ and for NO, — less than 250 mg/m’. Therefore
such tags as CO and NO, are shown at tubular heater
schematically block diagram. Also such parameter as ash

is typical because of strengthened primary air supply cre-
ates unintended carrying out ash from the burner. It leads
to tube clogging, which degrades heat transfer and re-
duces tube efficiency time.

Ash, CO,
NOx
Secondary
air
-

Fuel

7l
|

W

Primary
air

Grate

Grates transparant par

Figure 1 — Tubular heater pellets burner principle diagram

Experimental results are presented in two arrays: array
1 (Table 1) and array 2 (Table 2).

After expert evaluation of array 1 (Table 1) and array
2 (Table 2), matching matrixes B were obtained — Table 3
and Table 4.

Table 1 — Experimental data arrayl

max=130 max=250

NE S S Tiep Lw- L1 w 3 Cco CNOx
1 0.5 0.572 0.7155 0.440252 0.335 0.175 0.012 0.964
2 0.5 0.572 0.6795 0.430464 0.313 0.240 0.153 0.681
3 0.5 0.572 0.6795 0.397 0.547 0.231 0.001 0.852
4 1 0.643 0.792 0.738 0.18 0.018 0.102 0.845
5 1 0.643 0.8145 0.828 0.32 0.039 0.016 0.674
6 1 0.643 0.855 0.736 0.355 0.458 0.003 0.757
7 1 0.643 0.7785 0.924 0.828 0.233 - -

8 0.5 0.254 0.8865 0.38 0.26 0.024 — -

9 0.5 0.245 0.7425 0.484 0.32 0.018 — —

10 0.5 0.254 0.7515 0.509 0.36 0.010 — -

11 1 0.287 0.819 0.769 0.3 0.083 — —

12 1 0.287 0.774 0.872 0.6 0.278 - -

13 1 0.287 0.742 0.787 0.94 0.202 — -

14 0.5 0.572 0.723 0.218 0.18 - 0.051 0.431
15 0.5 0.572 0.671 0.134 0.2 - 0.016 0.753
16 0.25 0.084 0.25125 0.134 0.064 0.298 0.063 0.293
17 0.25 0.084 0.21 0.244 0.09 0.583 0.066 0.441
18 0.25 0.084 0.20625 0.26 0.18 0.833 0.164 0.359
19 0.25 0.084 0.188 0.337 0.18 0.583 0.178 0.411
20 0.25 0.084 0.268 0.102 0.047 0.133 0.032 0.48
21 0.25 0.084 0.25125 0.139 0.113 0.408 0.03 0.635
22 0.25 0.084 0.245 0.153 0.1 0.417 0.023 0.691
23 0.25 0.084 0.2275 0.214 0.128 0.300 0.018 0.697
24 0.25 0.084 0.2225 0.14 0.053 0.150 0.018 0.661
25 0.25 0.084 0.208 0.167 0.045 0.058 0.049 0.526
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Table 2 — Experimental data array 2

max=130 max=250
Ne (cont.) S S nep Lo L, \\ 3 Cco Cnox
26 0.25 0.084 0.194 0.194 0.06 0.142 0.016 0.872
27 0.25 0.084 0.187 0.233 0.112 0.233 0.014 0.852
28 0.25 0.084 0.175 0.285 0.18 0.450 0.026 0.789
29 0.25 0.084 0.17 0.33 0.225 0.875 0.019 0.845
30 0.25 0.084 0.16 0.546 0.225 0.942 0.018 0.859
31 0.25 0.084 0.158 0.197 0.082 0.158 0.025 0.441
32 0.25 0.084 0.15375 0.2439 0.09 0.083 0.010 0.618
33 0.25 0.084 0.13875 0.306 0.113 0.158 0.006 0.497
34 0.25 0.084 0.131 0.362 0.15 0.250 0.01 0.625
35 0.25 0.084 0.121 0.422 0.15 0.400 0.028 0.783
36 0.25 0.084 0.106 0.588 0.225 0.858 0.019 0.668
37 0.25 0.084 0.1 0.8125 0.18 0.900 0.021 0.714
38 0.25 0.084 0.2625 0.13 0.039 0.108 0.067 0.53
39 0.25 0.084 0.21875 0.234 0.09 0.283 0.151 0.184
40 0.25 0.084 0.215 0.25 0.075 0.467 0.065 0.487
41 0.25 0.084 0.21 0.303 0.18 0.292 0.045 0.431
42 0.25 0.084 0.19 0.145 0.05 0.417 0.042 0.382
43 0.25 0.084 0.186 0.188 0.075 0.333 1 1
44 0.25 0.084 0.18875 0.198 0.113 0.317 0.09 0.26

Table 3 — Matching matrix for experimental data array 1

DATA 1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,0,1,1,1,1,1,1
DATAO,L,1,0,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,1,1,1,1,1,1
DATA 0,0,1,0,0,1,1,1,1,1,1,0,1,0,0,0,0,0,0,0,0,0,0,0,0
DATA 0,1,1,1,0,1 0,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
DATA 0,0,1,1,1,1,0,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
DATA 0,0,0,0,0,1,1,1,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0
DATA 0,0,0,1,1,0,1,1,1,1,0,0,1,0,0,0,0,0,0,0,0,0,0,0,1
DATA 0,0,0,0,0,0,0,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
DATA 0,0,0,0,0,0,0,0,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
DATA 0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
DATA 0,0,0,1,1,0,1,1,1,1,1,0,1,0,1,0,0,0,0,0,0,0,0,0,0
DATA 0,0,1,1,1,0,1,1,1,1,1,1,1,0,1,0,0,0,0,0,0,0,0,0,0
DATA 0,0,0,1,1,0,0,1,1,1,0,0,1,0,1,0,0,0,0,0,0,0,0,0,0

DATA 0,0,1,0,1,1
DATA 0,0,1,0,1,1,
DATA 0,0,1,0,1,1,
DATA 1,0,1,0,1,
DATA 1,1,1,0,1,1,
DATA 1,1,1,0,1,1
DATA 0,0,1,0,1,
DATA 0,0,1,0,1,1,
DATA 0,0,1,0,1,1,
DATA 0,0,1,0,1,
DATA 0,0,1,0,1,1
DATA 0,0,1,0,1,1

1
0,0,0

1,1,1,1 1
1,1,1,1,1,1,0,0,1,1,1,
LLLLLILOLLLL
111,11, 1,1
1,1,0,1 1
1,1,0

1
1,
1
1

,0,1,0, 0 0 0,1,0,

0,1,1,1,0
1111,
1,1,1,1,0,0,0
1,1,1,1,1,1,1
1,1,1,1,1,1,1,1
1,1,1,1,1,1,1
A,11,1,1,1,1 ,
1,1,1,1,1,1,1,1
1L,1,1,1,1,1,1
1,1,1,1,1,1,1
1,1,1,1,1,1,1,1
1L,1,1,1,1,1,1
1,1,1,1,1,1,

,
0,LLLLI,

1
1
1
1
0
,L,LLLLL ,1,0000,1,1,1, ,1,0
,1,1,1,1,1,1,0,1,0,0,0,0,0,0,1,1,1,0
,0,1,0,0,0,0,0,0,0,1,0,1

,1,1,1,1,1,1,0,1,0,0,0,0,0,0,0,1,1,0
0,1,0,0,0,0,1,1,1,0,1,1

,1,1,1,0,0,0,0,1,1,1,1,1,1
,1,1,1,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0
-1,1.LL1,1,1,1,1,0,0,0,1,1, 1,11,

Table 4 — Matching matrix for experimental data array 2

DOI 10.15588/1607-3274-2020-1-20

204

DATA 1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,1,1
DATA 1,1,0,1,1,1,1,0,0,0,1,1,1,1,1,1,1,1,1,1
DATA 1,1,1,1,1,1,1,0,0,0,1,1,1,0,1,1,1,0,1,1
DATA 1,0,0,1,0,1,0,0,0,0,0,0,1,1,1,1,1,0,1,1
DATA 1,0,0,1,1,0,0,0,0,0,0,0,0,0,1,0,0,0,1,1
DATA 1,0,0,0,1,1,1,1,0,0,1,1,0,0,0,0,0,0,
DATA 1,0,0,1,1,0,1,0,0,0,0,1,1,1,

s

11,1

DATA 1,1,1,1,1,0,1,1,0,1,1,1,1,1,1,1,1,
DATA 1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,
DATA 1,1,1,1,1,1,1,0,0,1,1,1,1,1,1,1,1,
0,0,0

0

sdslsds
sl

sds

DATA 1,0,0,1,1,0,1,0,0,0,1,0,0,0,0,0,0,
DATA 1,0,0,1,1,0,0,0,0,0,1,1,0,0,0,0,0,0,1,
DATA 1,0,0,0,1,1,0,0,0,0,1,1,1,0,1,0,0,0,1,
DATA 1,0,1,0,1,1,0,0,0,0,1,1,1,1,1,0,1,1,1,
DATA 0,0,0,0,0,1,0,0,0,0,1,1,0,0,1,0,0,0,1,
DATA 1,0,0,0,1,1,0,0,0,0,1,1,1,1,1,1,1,1,1,1
DATA 1,0,0,0,1,1,0,0,0,0,1,1,1,0,1,0,1,0,1,0
DATA 1,0,1,1,1,1,0,0,0,0,1,1,1,0,1,0,1,1,1,0
DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

1,1
11,1
11,1
11,1
11,1
0,1,1
0,1,1
0,1,1
11,1

1,1
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5 RESULTS
There are presented results with choice function in the
form (9).
F()C) = d] +d2+d3,
di= (a1 +ax' +ax' x') (astasy® +ag* x*),
dr=(artag’ +ap’x) (argtanx’ +apxtxt),
ds=(ayrax’ +aix*xt) (aietaiy’ +a’ X)), ©)
I(x1 )= T(xs )=x1 Rg x5

Parameters a;, a, ,..., a;g were obtained after evolu-
tionary search the choice function for array 1 of experi-
mental data and for array 2 of experimental data.

The choice function in the form (19) with specific val-
ues of parameters a;, a, ,..., ajg was used to solve the
problem of generalized mathematical programming: to
find maximum choice function with restrictions:
0.2<=x'=<0.5, i=1,...,5. Evolutionary search for solving
the problem of generalized mathematical programming is
illustrated at tabl. 6 and results of evolutionary search for
three branches of evolution are presented in Table 7.

6 DISCUSSION

It is advisable to discuss the stated decision-making
mechanism. The first stage of the decision-making
mechanism is the experimental study of the system. When
conducting experiments, it is desirable to examine as
widely as possible the allowable input parameters x= {x;,
X2,..., X,}. It does not require the use of experimental
planning methods. The tables of experimental results are a
typical example. A visual analysis of the experimental

results shows the existence of interdependencies of the
output parameters (functions) among themselves.

The controversial nature of the mutual influence of
output parameters is clearly seen. Matrix of conformity
(Table 3 and Table 4) is the result of expert assessment
and is subjective. For expert assessment, it is obviously
possible to use the whole variety of available pair-wise
comparison methods and use a different scale for such an
assessment. The choice function given in the article in the
form of an algebraic function is certainly not the only
possible one, here you can use the whole variety of pat-
tern recognition methods, for example [19, 20].

An important property of such a function is the reli-
ability of the reflection of experimental results not only
for the training sequence, but also for the checking se-
quence of experimental results. The use of an evolution-
ary search algorithm with several branches of evolution is
convenient for controlling the found solution. For exam-
ple, from Table 6 it can be seen that as a result of the
search, the value of the choice function reached a maxi-
mum (one) in all three branches of the evolution of solu-
tions. The values of the parameters are basically the same,
although there is a slight discrepancy in some parameters.

This suggests that the maximum of this choice func-
tion is poorly defined. If in the search process there was
no convergence of results across different branches of
evolution, this would indicate the absence of a single so-
lution. In this example, the solutions found for the three
branches of evolution are almost identical, which indi-
cates the presence of a global maximum of the choice
function.

Table 5 — Evolutionary search the choice function

Iteration step of evolutionary search Error at the training array 1 Error at the test array 2
1 0.2912 0.3975
2 0.2656 0.4425
6 0.2464 0.2675
10 0.2400 0.2675
14 0.2336 0.2675
18 0.2240 0.2675

27 0.1856 0.2675
38 0.1664 0.2525
96 0.1536 0.2575
214 0.1440 0.2575

Table 6 — Evolutionary search for solving the problem of generalized mathematical programming

Iteration step Maximum function Maximum function Maximum function
of evolution Branch 1 of evolution Branch 2 of evolution Branch 3 of evolution
1 —1.47E-7 —1.57E-7 —1.30E-7
2 8.45E-7 —1.28E-7 7.65E-7
5 1.53E-6 5.02E-6 4.78E-5

11 0.202 0.185 0.111

14 0.9950 0.9993 0.9953

15 0.9996 1 0.9975

16 1 1 0.9981

17 1 1 0.9985

18 1 1 0.9999

19 1 1 0.9999

20 1 1 1

Table 7 — Result of evolutionary search for solving the problem of generalized mathematical programming
. Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5
Branches of evolution 1 5 3 4 s
X X X X X

Branch 1 0.3800 0.5 0.2 0.4511911 0.2
Branch 2 0.4080 0.5 0.2 0.4511911 0.2
Branch 3 0.3949 0.5 0.2 0.4511911 0.2020

© Irodov V. F., Barsuk R. V., 2020
DOI 10.15588/1607-3274-2020-1-20

205



e-ISSN 1607-3274 PapioenextpoHika, iHpopmaTuka, ynpasiainss. 2020. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020. Ne 1

CONCLUSIONS

The constructed selection function is determined al-
ready on the whole admissible space of input parameters,
and not only on the set of experimental points.

Thus, the selection mechanism extends to the entire
allowable range of input parameters.

The scheme includes the following procedures: an ex-
perimental study of a process with several criteria (func-
tions) depending on its parameters; the use of expert
evaluation to build a matrix of preferences for individual
implementations; building a function of choosing pre-
ferred solutions based on a preference matrix by con-
structing a mathematical model of preference recognition,
formulation and solving the problem of generalized
mathematical programming as the final step in building
the selection mechanism.

The scientific novelty is result presented as a holistic
decision-making mechanism for a system based on induc-
tive modeling of complex systems, in which the following
steps can be distinguished: an experimental study of a
process with several criteria (functions) depending on its
parameters; the use of expert evaluation to build a matrix
of preferences for individual implementations; building a
function of choosing preferred solutions based on a pref-
erence matrix by constructing a mathematical model of
preference recognition, formulation and solving the prob-
lem of generalized mathematical programming as the fi-
nal step in building the selection mechanism.

The practical significance of obtained results is that
the stated decision-making mechanism can be used for a
wide range of complex systems with several criteria.

Prospects for further research are to the improve-
ment of methods and means for constructing a function of
choice for a limited number of experimental results.
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YIK 519.816

NPUMHSATTA PIIIEHB ITPY HAABHOCTI OBMEKEHOI'O UM CJIA EKCIEPUMEHTIB 3 TEKIJTBKOMA
KPUTEPISIMU

IponoB B. ®@. — 1-p TexH. HayK, npodecop, 3aBigyBad KadeApH CHCTEMHOTO aHANi3y Ta MOJCNIOBAHHS y TEIUIOTa30MOCTaYaHHi
[IpuaHinpoBCcHKOI AepKaBHOI akageMii Oy IiBHHLITBA Ta apXiTeKTypH, AHinpo, YkpaiHa.

Bapcyk P. B. — acucteHT Kadepu CHCTEMHOTO aHaJIi3y Ta MOAEGNIOBAHHS y TEIIOra3onocTadanHi [IpuaHinpoBChKol IepskaBHOT
akazieMii Oy/JIBHUITBA Ta apXiTekTypu, JHinpo, Ykpaina.

AHOTAIIA

AKTyalbHicTB. PO3riisHyTO 3a1auy IPUHHATTS PillleHb JUIsl CUCTEMH 3 JISKITbKOMa KPUTEPiSIMH Ha OCHOBI OOMEKEHOI KiIBKOCTI
EKCIIEPUMEHTAIBHUX pe3yJibTaTiB. OO0 €KTOM JIOCHIIKEHHS € POLEC MPUHHATTS pillleHb, TOYHHAIOYHU 3 EKCIIEPUMEHTAIBHOTO A0CIIi-
JOKSHHSI CHCTEMH JI0 PillIeHHS 3a/1a4i ONTHMi3allii CHCTEMH 3 JeKiJIbKOMa KPUTEPisIMH.

Meta. Meta poO0TH — BUKJIQACHHS IITFHOTO MEXaHI3My MPUHHATTS PIillIeHb IS CUCTEMH 3 JEKITbKOMa KPUTEPisIMU Ha OCHOBI
00MEeKeHOT KITBKOCTI €KCIICPUMEHTIB.

Mertoa. 3anpornoHOBaHO BUKOPHCTOBYBATH aITOPUTMH EBOJIFOLIIHOTO MOIIYKY HEPEeBaKHHX PIlICHb IS ABOX OCHOBHHX IIPOLIE-
Jyp: TIOUIyK ONTHMaibHOI (yHKIT BuOOpy Ha 6a3i MaTpumi Iepe BaKHOCTI €KCIIEPUMEHTAIBHAX PIIeHB; MOMIYK ONTUMAIBHHX II0
OiHapHOMY BiJHOLIEHHIO BHOOPY pillleHb Ha BCiif MHOXKHHI JIOIYCTUMHUX HapaMeTpiB (pilIeHHs 3a/1aui y3araJbHEeHOr0 MaTeMaTHIHO-
r'0 IIPOrpaMyBaHHsI). AJITOPUTM €BOJIIOLIHHOTO MOIIYKY, SIKUH 3aCTOCOBYETHCS, BUPIIIYE 3a/jady IONIYKY ONTHMAJIBHUX 110 GiHapHO-
MY BiJHOLICHHIO BUOOpPY pillieHb 6€3 MoTpeOu BUITyKIIOCTI BigHOLICHHs BHOOPY. Y poOOTi 3aCTOCOBaHI €KCIEPUMEHTAIbHI Pe3yJib-
TaTH JIOCII/PKEHHS NaJIbHUKA HAa MAJIUBHUX IpaHyax (mesnerax). BXinHi napamMeTpn cHCTEMH HalidylOTh II’ITh PO3MIPHUX IapaMer-
piB, 2 BHXiOHI mapaMeTpu TPU PO3MIpHI KpUTepil. YChOro eKCIEpUMEHTH HalidyloTh 45 pe3yibTaTiB, 3 AKHX 25 eKCIepHMEHTIB
CKJIaJI HaBYAJbHY MOCHITOBHICTH 1 20 pe3ynbTaTiB — KOHTPOJIBHY MOCIIIOBHICTD, SIKi 3aCTOCOBYBAIMCH JJIsI OTPUMAaHHS (QYHKIIT
BHOODY.

Pe3yabTaTn. Po3pobnena minpHa cucremMa modyoBM MeXaHi3My IPHHHATTS PIlIeHb UL CHCTEMH 3 AEKUIbKOMa KPUTEPisIMH Ha
OCHOBI 0OMEKEHOT KIIBKOCTI €KCIIEPUMEHTIB.

BucnoBkn. HaBeneHi ekcriepuMeHTH Ta X 00poOKa IOKa3ain JOCTOBIPHICTH OCHOBHHX HAayKOBHX PE3yJIbTATiB — MOXKIHMBOCTI
noOy/I0BH MeXaHi3My BHOOpY y CHCTEMi 3 JEKUIbKOMa KPUTEPiIMH Ha OCHOBI OOMEKEHOI KiJIbKOCTi €KCIIEPHUMEHTIB 1 MOMINPEHHS
KIHIIEBOrO BUOOPY Ha BCIO IOMYCTUMY 00JIaCTh BXiJHUX MapaMeTpiB, a HE TUIbKK Ha MHOXKHHI €KCIICPUMEHTAIbHUX PE3YJIbTATIB.

KJIFOYOBI CJIOBA: MexaHi3M MPUHHATTS pilleHb, ACKiIbKa KpUTEpPiiB, PyHKIisS BHOOPY, y3araJbHEHO MaTeMaTH4YHE IIPO-
rpaMyBaHHSI.

YIK 519.816
NPUHATHUE PENEHAN ITPU HAJIMYUHU OTPAHUYEHHOT'O KOJJMYECTBA 3KCITEPUMEHTOB C
HECKOJIBKUMU KPUTEPUAMHM

Hponos B. ®. — n1-p TexH. Hayk, npodeccop, 3aBeayronuii kKageapoil CHCTEMHOr0 aHalu3a M MOJICIMPOBAaHHsS B TEIIOra3o-
cHabOxenun [IpuaHENIPOBCKO TOCYAapCTBEHHON aKaleMUH CTPOUTENBCTBA U apXUTEKTYypHl, [lHemnp, YkpanHa.

Bapcyk P. B. — accucreHT Kadenpbl CHCTEMHOTO aHAIN3a W MOJCIHPOBAaHHS B TeIIOra3ocHaOeHUuH [IpuaHenpoBCcKoit rocy-
JIapCTBEHHOM aKaJeMUU CTPOUTENILCTBA U apXUTEKTYphl, JlHenp, YkpauHa.

AHHOTADIUSA

AKTyanbHOCTB. PaccMoTpeHa 3a/1aya NPUHSTHUS PELISHUH ISl CHCTEMBI ¢ HECKOJIBKUMH KPUTEPHSIM Ha OCHOBE OIPaHHYCHHOTO
KOJIMYECTBA IKCHEPUMEHTAIBHBIX Pe3ylbTaToB. OOBEKTOM HMCCIICIOBAHUS SBISICTCS IPOLECC MPUHSITHUS PELICHHUH, HAUMHAS C JKCIIe-
PHUMEHTAJIBHOTO MCCIIEI0BAHNS CUCTEMBI K PELICHUIO 3aJa41 ONTUMU3ALMU CUCTEMbI C HECKOJIBKUMHU KPUTEPHAMH.

Ieun. Llens paboThl — M3JI0KEHUE LEIBHOTO MEXaHU3MA NPUHATHS PELICHUH /Ul CUCTEMbI ¢ HECKOJIBKUMH KPUTEPHSAM Ha OCHO-
BE€ OPaHMYEHHOI0 KOJIMYECTBA AKCIIEPUMEHTOB

Mertoa. IIpeuiokeHo UCIIONIB30BaTh aIrOPUTMbI YBOIIOLMOHHOIO MOMCKA MPEANOYTHTEIBHBIX PELICHUH IS IBYX OCHOBHBIX
IIpoLeyp: HOMCK ONTUMAIBHOI (DYyHKIMU BBIOOpA HA 0a3e MATPHUIBI IPEAIIOYTUTEILHOCTH SKCIIEPUMEHTAIBHBIX PELISHHH; TOUCK
ONTHMAJBHBIX MO OMHAPHOMY OTHOIICHHIO BBIOOpAa pEHIEHHH Ha BCEM MHOXKECTBE JOIMYCTUMBIX IapaMeTpOB (pelIeHHe 3aJadud
0000I1IEHHOI0 MaTEMaTHYECKOT0 POrPAMMHUPOBAHHS). AJITOPHUTM DBOJIOLHOHHOTO IIOMCKA, KOTOPBIH MPUMEHSETCS, peliaeT 3a1ady
HOKCKA ONTHMAIBHBIX 10 OMHAPHOMY OTHOIICHHIO BbIOOpa perieHnii 6e3 TpeOOBaHUs BBIYKIOCTH OTHOLIEHHE BbIOOpa. B pabore
HPUMEHEHbI SKCIIEPUMEHTAJIBHBIC PE3yJIbTaThl UCCICIOBAHMS OPEIKM Ha TOIUIMBHBIX TpaHyiax (mesierax). BxozuHble nmapamerpst
CHCTEMbl HACUMTHIBAIOT ISATh Pa3MEPHBIX NAPAMETPOB, A BBIXOJHBIC MTAPAMETPbI TPH Pa3MEepHbIe KPUTEPUH. Bcero skcrepuMeHTb
HACUHUTHIBAIOT 45 pe3ysbTaToB, U3 KOTOPHIX 25 SKCIIEPUMEHTOB COCTaBIIIN YYEOHYIO TIOCIEA0BATEILHOCTD U 20 pe3yIbTaToOB — KOH-
TPOJIBHYIO TTOCIIEI0BATENBHOCT, KOTOPBIE IIPUMEHSIIUCH UL IOy deHUs GyHKIMH BbIOOpA.

Pe3yabTartsl. Pazpaborana menpHas CHCTEMa MOCTPOCHUS] MEXaHN3Ma MIPUHATHS PEIICHUIT Ul CHCTEMBI C HECKOJIBKUMH KPHTe-
pHSIM Ha OCHOBE OTPAaHUYCHHOTO KOJIIMUYECTBA SKCIIEPUMEHTOB.

BruiBoasl. [IpuBeseHHBIC AKCIIEPUMEHTH U MX 00paboTKa IMOKa3ajid JOCTOBEPHOCTh OCHOBHBIX HAyYHBIX PE3yJIbTaTOB — BO3-
MO)KHOCTH TIOCTPOGHHMSI MEXaHH3Ma BBIOOpa B CHCTEME C HECKOJIbKUMH KPUTEPUSIM Ha OCHOBE OIPAaHMYEHHOI'0 KOJIMYECTBA SKCIIEPH-
MEHTOB M PACIPOCTPAHEHMSI KOHEYHOTO BHIOOPA HA BCIO JOIYCTHMYIO 00JIAcTh BXOAHBIX MAPaMETPOB, a HE TOJILKO HA MHOXKECTBE
9KCHEPUMEHTAIBHBIX PE3YJIbTATOB.

KJIFOUYEBBIE CJIOBA: MexaHu3M MPHUHATHS PEIICHUH, HECKOJIBKO KpUTEPHEB, (QyHKIUS BEIOOpa, 0000IIEHHOE MaTeMaTHye-
CKOE NPOTrpaMMHpPOBaHHE.
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